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(57) ABSTRACT

The magnetic field measurement system comprises a triaxial
main sensor (1) for measuring magnetic field that can move
jointly with a carrier element (2) capable of generating at
least one additional magnetic field disturbing the measure-
ments of said triaxial main sensor (1), said triaxial sensor (1)
being adapted for providing orthonormal measurements for
a reference magnetic field in the absence of magnetic
disturbances due to said carrier element (2). The system
comprises means of adjustment (5, 6, 7, 9, 4a, 4b) of said
triaxial main sensor (1) comprising a removable additional
sensor for magnetic field measurement, that can move
jointly with said carrier element (2), and disposed outside
said carrier element (2) away from the additional magnetic
field or fields.
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1
SYSTEM FOR MEASURING A MAGNETIC
FIELD COMPRISING A THREE-AXIS
SENSOR FOR MEASURING A MAGNETIC
FIELD THAT IS ABLE TO MOVE
TOGETHER WITH A CARRIER THAT
DISRUPTS THE MEASUREMENTS, AND
ASSOCIATED METHOD

This application is a national phase application under
§371 of PCT/EP2009/055803, filed May 14, 2009, which
claims priority to French Patent Application No. 0802605,
filed May 14, 2008, the entire content of which is expressly
incorporated herein by reference.

The invention pertains to a magnetic field measurement
system comprising a triaxial main sensor for measuring
magnetic field that can move jointly with a carrier element
capable of generating at least one additional magnetic field
disturbing the measurements of said sensor, and an associ-
ated method.

A magnetic field measurement sensor can be associated
with a carrier element that may cause magnetic disturbances,
for example a car or a portable telephone.

BACKGROUND OF THE INVENTION

It is known to attempt to place the sensor so that the
magnetic disturbances engendered by the carrier element are
minimal. It is also known to employ magnets or other
ferromagnetic objects so as to attempt to compensate for the
magnetic disturbances.

These schemes are rather unreliable and rather inaccurate,
and do not take account of modifications of the ferromag-
netic disturbances engendered by the carrier element.

In the case of a scalar sensor, i.e. one delivering solely a
magnetic field norm, methods for compensating for the
disturbances have been described for example at the URL
address http://www.rmsinst.com/
aero%20compensation.htm, whereat are described systems
for recording data of the company RMS Instruments. Such
systems use in a continuous manner a scalar additional
reference sensor for the measurements.

This teaching may not be applied to a magnetic field
triaxial measurement sensor.

The present invention is aimed at solving the problems
mentioned above.

SUMMARY OF THE INVENTION

According to one aspect of the invention, there is pro-
posed a magnetic field measurement system comprising a
triaxial main sensor for measuring magnetic field that can
move jointly with a carrier element capable of generating at
least one additional magnetic field disturbing the measure-
ments of said sensor. Said triaxial main sensor is adapted for
providing orthonormal measurements for a reference mag-
netic field in the absence of magnetic disturbances due to
said carrier element. The system comprises means of adjust-
ment of said triaxial main sensor comprising means for
determining the reference magnetic field.

The invention makes it possible to adjust or calibrate the
triaxial sensor for measuring the magnetic field, in such a
way that in routine use it takes account of the magnetic
disturbances engendered by the carrier element.

According to one embodiment, said means of adjustment
of said triaxial main sensor comprise means for determining
the additional magnetic field or fields generated by said
carrier element on the basis of parameters comprising coef-
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2

ficients representative of the magnetic sensitivity of said
carrier element, measurements performed by said triaxial
main sensor, and temporal variations of these said measure-
ments.

It is thus possible to determine simply, accurately and at
low cost, the additional magnetic field or fields generated by
said carrier element.

In one embodiment, said means for determining the
additional magnetic field or fields generated by said carrier
element are adapted for implementing the following system
of equations:

Breaty = Bueasured, — Bremanens, + A X Vy)
Breaty = Bueasuredy — (Bremanent, + A X Vy)

Breat, = Bmeasured, = (Bremanent, + AX V)

in which:

B, B 3 and B,,,; represent the respective components

of the real magnetic field along the three axes of the triaxial

main sensor;

B easureds Bmeaswedy, «, represent the respective
components of the magnetic field measured by the triaxial
main sensor along its three axes;

remanent,s B,emanemy, and B, e, tepresent the respective
components of the remanent magnetic field along the
three axes of the triaxial main sensor;

real

and B

measure

B

B B, B 4.

]

o ly>

A= .
BBmeaxurng. 4 Bmeaxuredy_ OBoeasured, |’

ar ’ ar ’ ar

and

the vectors Vy, V and V_ have as components the coefli-
cients representative of the magnetic sensitivity of said
carrier element:

i i i
Do ey Gz
i i i
ayx ayy ayz
i i i
Az Ay Az
Vi = ’ v, = ; V.= r

[ al, aj,
S i S
Ayx Qyy Ay,
S S
A ag; Az

whose components or coefficients representative of the
magnetic sensitivity of said carrier element ajki represent
respectively the coefficient of proportionality between the
value of the disturbance on the axis j due to the axis k and
the value of the field on the axis k, for the induced magnetic
field, and the components or coefficients representative of
the magnetic sensitivity of said carrier element ajkf represent
respectively the coefficient of proportionality between the
value of the disturbance on the axis j due to the axis k and
the value of the temporal derivative of the field on the axis
k, for the magnetic field due to the eddy currents.

The real magnetic field is thus determined accurately with
few calculations, without taking account of the magnetic
disturbances engendered by the carrier element and mea-
sured by the triaxial main sensor.
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According to one embodiment, said means for determin-
ing the reference magnetic field comprise a predetermined
magnetic field generator.

It is thus possible to readily ascertain the reference
magnetic field to which the system is subjected.

In one embodiment, said means for determining the
reference magnetic field comprise a removable additional
sensor for magnetic field measurement, that can move
jointly with said carrier element, and disposed outside said
carrier element away from the additional magnetic field or
fields.

It is thus possible to ascertain readily and at reduced cost
the reference magnetic field to which the system is sub-
jected.

For example, said removable additional sensor for mag-
netic field measurement is a triaxial additional sensor, whose
axes are respectively parallel to the axes of the triaxial main
Sensor.

The use of such a sensor makes it possible to obtain
improved accuracy.

For example, said removable additional sensor for mag-
netic field measurement is a scalar sensor.

This embodiment is less expensive and simpler to carry
out.

In the case of a triaxial additional sensor, said means of
adjustment of said triaxial main sensor can comprise first
calculation means adapted for calculating the respective
components of the remanent magnetic field by differences
between averages of measurements performed simultane-
ously by the two triaxial sensors.

Such a calculation is simple to carry out.

For example, said means of adjustment of said triaxial
main sensor comprise second means for calculating the
vectors of said coeflicients representative of the magnetic
sensitivity of said carrier element by least squares estimation
on the following system of equations:

AV = Bueasureds, = Bremanent;)
AXVy = (Breasuredy = Bremanenty )

AXV, = Breasured, = Bromaners,)-

The invention provides a result of improved accuracy.

As a variant, with a scalar removable additional sensor,
said means of adjustment of said triaxial main sensor
comprise optimization means adapted for optimizing the
following equality for a series of measurements performed
simultaneously with said triaxial main sensor and said scalar
sensor:

IMes_scalar|=[B,, pusured=Bassauringl

in which |[Mes_scalar]| represents a norm of a measurement
of the scalar sensor, and B, ,,,4,,. represents the disturbing
additional magnetic field generated by said carrier element
such as described above for the means for determining the
additional magnetic field or fields generated by said carrier
element.

The calculations are simplified. If furthermore, a prior
adjustment has been made such as described above with a
triaxial additional sensor, it is possible to deduct therefrom
negligible components making it possible to further simplify
the calculations to be performed.

In one embodiment, the system comprises, furthermore,
means for correcting the measurements of said triaxial main
sensor which are adapted for delivering the real magnetic
field on the basis of the magnetic field measured by the
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4

triaxial main sensor and data provided by said adjustment
means by using the following system of equations:

Breaty = Buneasurcd, — Bremanens, + A X Vx)
Breaty = Bueasureay, = (Bremanent, + A X Vy )

Breat, = Bueasured; = (Bremanent, + AX V;)

According to one embodiment, the system comprises,
furthermore, means of predictive correction by consider-
ation of the disturbances of a predictive model, by gradient
descent of the additional magnetic field or fields adapted for
using the following relation:

Bueasurea = I+ [ Vx(1 2 3) Vy(1 = 3) Vi(l > 3) ]y« Ror«Bo +

9
[Vel=3) Vy(l>3) Vel > 3) Ju o (Ror+ Bo)

in which:
1 represents the identity matrix

[ R
(=R
-0 O

B, represents the reference magnetic field;

V(1—3) represents the sub-vector of V, comprising the first
three components of V,, (je{x;y;z}); and

Rot represents the carrier element rotation matrix.

Thus after adjustment, the measurements of the system
take account of the magnetic disturbances engendered by the
carrier element.

According to another aspect of the invention, there is also
proposed a method of magnetic field measurement by a
triaxial main sensor for measuring magnetic field that can
move jointly with a carrier element capable of generating at
least one additional magnetic field disturbing the measure-
ments of said triaxial main sensor. Said triaxial sensor is
adapted for providing orthonormal measurements for a
reference magnetic field in the absence of magnetic distur-
bances due to said carrier element. Said main triaxial sensor
is adjusted on the basis of a determination of the reference
magnetic field.

In one mode of implementation, the additional magnetic
field or fields generated by said carrier element is or are
determined on the basis of parameters comprising coeffi-
cients representative of the magnetic sensitivity of said
carrier element, measurements performed by said triaxial
main sensor, and temporal variations of these said measure-
ments.

In one mode of implementation, said determination of the
additional magnetic field or fields generated by said carrier
element uses the following system of equations:

Breaty = Bieasured, = (Bremanenty +AXVy)
Breat, = Bmeasured, — (Bremanemy +AXV,)

Breat, = Breasured, = Bremanens, + AXV,)



US 9,459,098 B2

5

in which:

B,ears Breas; and B, represent the respective components
of the real magnetic field according to the axes of the main
sensor;

Bmeasured s Bmeasured 3 and Bmeasured represent the reSpeCthe
components of the remanent magnetic field measured by
the main sensor along its three axes;

remanent,’ Bremanent 3 and Bremanent represent the respectlve
components of the remanent magnetic field according to
the axes of the main sensor;

B

B i3 B Y i

f y 21

A= .
BBmeaxurng. BBmeaxuredy_ OBoeasured, |’

ar ’ ar ’ ar

and

the vectors V,, V,, and V, have as components the coeffi-
cients representative of the magnetic sensitivity of said
carrier element:

i i i
Ox Ay Gy
i i i
Ay Ayy Ayz
i i i
[ azy (2%
Vi = r v, = ; V.= P

28 al, Gz
f I f
Ay ajy, Ay,
S S
O ag; 5

whose components or coefficients representative of the
magnetic sensitivity of said carrier element ajki represent
respectively the coefficient of proportionality between the
value of the disturbance on the axis j due to the axis k and
the value of the field on the axis k, for the induced magnetic
field, and the components or coefficients representative of
the magnetic sensitivity of said carrier element a ;/ represent
respectively the coefficient of proportionality ﬁetween the
value of the disturbance on the axis j due to the axis k and
the value of the temporal derivative of the field on the axis
k, for the magnetic field due to the eddy currents.

BRIEF DESCRIPTION OF DRAWINGS

The invention will be better understood on studying a few
embodiments described by way of wholly non-limiting
examples and illustrated by the appended drawings in
which:

FIG. 1 schematically illustrates a system according to one
aspect of the invention with a triaxial removable additional
sensor;

FIG. 2 schematically illustrates a system according to one
aspect of the invention with a removable additional sensor;

FIG. 3 illustrates the adjustment or calibration of a system
of FIG. 1;

FIG. 4 illustrates the adjustment or calibration of a system
of FIG. 2;

FIG. 5 illustrates the steady-state operation of an embodi-
ment of a system of FIG. 1 or 2; and

FIG. 6 illustrates the steady-state operation of an embodi-
ment of a system of FIG. 1 or 2.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

As illustrated in FIG. 1, a magnetic field measurement
system according to one aspect of the invention comprises a
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triaxial main sensor 1 for measuring magnetic field, that can
move jointly with a carrier element 2 capable of generating
at least one additional magnetic field disturbing the mea-
surements of the sensor 1. The carrier element 2 may, for
example, be a housing of a portable telephone, of a remote
control, of a portable computer, or any other element that can
comprise a magnetic field measurement functionality. The
triaxial main sensor 1 provides orthonormal measurements
for a reference magnetic field in the absence of magnetic
disturbances of the carrier element 2. The reference mag-
netic field for which, in the absence of magnetic distur-
bances of the carrier element, the measurements provided by
the main triaxial sensor 1 are orthonormal, may, for example
be the magnetic field at the Earth’s surface.

The adjustment of the triaxial main sensor 1 is performed
by an electronic control unit 3 and a triaxial removable
additional sensor 4q, that can move jointly with the carrier
element 2. Stated otherwise, the link between the removable
additional sensor 4a and the remainder of the system is a
rigid link.

A determination module 5 determines the additional mag-
netic field or fields generated by the carrier element 2 on the
basis of parameters comprising coefficients representative of
the magnetic sensitivity of the carrier element 2, measure-
ments performed by the triaxial main sensor 1, and temporal
variations of these measurements.

A first calculation module 6 calculates the respective
components B,, B, . B , of the remanent
magnetic field B,emanem by differences between averages of
measurements performed simultaneously by the two triaxial
sensors 1 and 4a.

A second calculation module 7 calculates vectors V,, V,,
V., of the coefficients representative of the magnetic sensi-
tivity of the carrier element 2 by least squares estimation on
the following system of equations:

"

AXVy = (Breasuredy

= Bromanens,)
AXVy = (Bueasured, = Bremanenty )

AXV, = Breasured, = Bremanens,)

A correction module 8 corrects the measurements of the
triaxial main sensor 1 so as to deliver the real magnetic field
B,.,; on the basis of the magnetic field measured B,,_,_, ..
by the triaxial main sensor 1 and data provided by the
electronic control unit 3. Exemplary embodiments of the
correction module 8 are described subsequently by FIGS. 5
and 6.

FIG. 2 represents another embodiment of the invention, in
which the removable additional sensor for measuring the
magnetic field is a scalar sensor 4b, or, stated otherwise, a
sensor providing the norm of a magnetic field, and not its
components along three axes like the triaxial sensor 4a of
FIG. 1.

The elements of the system having references identical to
references of FIG. 1 are elements identical to those of FIG.
1.

The embodiment represented in FIG. 2 does not comprise
the calculation modules 6 and 7, but comprises an optimi-
zation module 9 for optimizing the following equality for a
series of measurements performed simultaneously with the
triaxial main sensor 1 and the scalar additional sensor 4b:

[Mes_scalar|=|B,,casrea=Baisturtingl|
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in which |[Mes_scalar]| represents a norm of a measurement
of the scalar additional sensor 4b, and B4, represents
the disturbing additional magnetic field or fields generated
by said carrier element 2.

The removable additional sensor, be it triaxial 4a as in the
system of FIG. 1, or scalar 4 as in the system of FIG. 2, is
used in a phase of adjustment or calibration of the main
triaxial sensor 1. In the system’s steady operating phase,
when the triaxial main sensor 1 is calibrated or adjusted, the
removable additional sensor 4a or 45 has been withdrawn.

As a variant of the systems of FIGS. 1 and 2, the system
can comprise, in place of a removable additional sensor 4a
or 4b serving for the adjustment or calibration of the triaxial
main sensor 1, a generator of predetermined magnetic field
to which the system is subjected. Thus the reference mag-
netic field is ascertained completely.

FIG. 3 illustrates the calibration of the main triaxial sensor
1 of the system of FIG. 1. Measurements are performed
simultaneously (step 30) by the main triaxial sensor 1 and by
the additional triaxial sensor 4a. On the basis of these
measurements (step 30), the first and second calculation
modules 6 and 7 determine the vectors V,, V,, V, of the
coeflicients representative of the magnetic sensitivity of the
carrier element 2 (step 31) in the manner described previ-
ously, by least squares. Thus, the triaxial main sensor 1 is
adjusted or calibrated (step 32).

FIG. 4 illustrates the calibration of the main triaxial sensor
1 of the system of FIG. 2. Measurements are performed
simultaneously (step 40) by the main triaxial sensor 1 and by
the additional scalar sensor 4b. On the basis of these
measurements (step 40), the optimization module 9 deter-
mines the vectors V,, V,, V, of the coeflicients representa-
tive of the magnetic sensitivity of the carrier element 2 (step
41) in the manner described previously, by optimization of
an equality. Thus, the triaxial main sensor 1 is adjusted or
calibrated (step 42).

FIGS. 5 and 6 illustrate the operation of a system accord-
ing to FIG. 1 or 2 that has been adjusted or calibrated
(respectively steps 50 and 60) as illustrated by FIG. 3 or 4.

In the case of FIG. 5, the correction module 8 corrects
(step 51) the measurements of the main triaxial sensor 1 so
as to deliver the real magnetic field on the basis of these
measurements and of data provided by the calculation
modules 6 and 7 or by the optimization module 9, depending
on the embodiment of the system, by using the following
system of equations:

Breaty = Bueasureds, = (Bremanenty + A X Vz)
Breat,, = Beasured, — (Bremanemy +AXV,)

Breat, = Breasured, = Bremaners, + AXV,)

In the case of FIG. 6, the correction module 8 corrects
(step 61) the measurements of the main triaxial sensor 1 so
as to deliver the real magnetic field by predictive correction
by gradient descent using the following relation:

Bueasurea = (I + [Vx(1 = 3)V,(1 > 3)V,(1 - 3)]) =

9
Rotx By +[Va(1 > 3V, (1 > 3)V,(L = 3)]x = (Rorx By)

10

15

20

25

30

35

40

45

50

55

65

8
in which:
1 represents the identity matrix

[ R
(=R
-0 O

B, represents the reference magnetic field;

V (1—3) represents the sub-vector of V, comprising the first
three components of V,, je{x;y;z}); and

Rot represents the carrier element rotation matrix.

The present invention makes it possible to measure, in an
accurate manner and at reduced cost, a magnetic field by
means of a triaxial sensor tied to carrier element capable of
generating at least one additional magnetic field disturbing
the measurements, by annihilating the effect of the addi-
tional magnetic field or fields on the measurements. The
invention makes it possible to eliminate the influence on the
measurements of the disturbing magnetic field or fields.

What is claimed is:

1. A triaxial magnetic field measurement system compris-
ing a triaxial main sensor for measuring a magnetic field that
can move jointly with a carrier element capable of gener-
ating at least one additional magnetic field disturbing mea-
surements of said triaxial main sensor, said triaxial main
sensor being configured to provide orthonormal measure-
ments for a reference magnetic field in the absence of
magnetic disturbances due to said carrier element, charac-
terized in that the triaxial magnetic field measurement
system further comprises means of adjustment of said tri-
axial main sensor comprising means for determining the
reference magnetic field, said means for determining the
reference magnetic field comprising a predetermined mag-
netic field generator or a removable additional sensor for
magnetic field measurements, that can move jointly with
said carrier element, and that is disposed outside said carrier
element away from the additional magnetic field or fields.

2. The system as claimed in claim 1, wherein said means
of adjustment of said triaxial main sensor comprises means
for determining the additional magnetic field or fields gen-
erated by said carrier element on the basis of parameters
comprising coeflicients representative of a magnetic sensi-
tivity of said carrier element, measurements performed by
said triaxial main sensor, and temporal variations of said
measurements.

3. The system as claimed in claim 2, wherein said means
for determining the additional magnetic field or fields gen-
erated by said carrier element is a processing device con-
figured to implement the following system of equations:

Breat, = Bueasureds, = (Bremanenty + A X Vz)
Breat,, = Beasured, — (Bremanemy +AXV,),

Breat, = Breasured, = (Bremaners, + AXV,)

in which:
B,eazs Breas, and B, represent the respective compo-

nents of a real magnetic field along the three axes of the

triaxial main sensor;

measured,> Bmeasured s and Bmeqsuredz represent reSpeCthe

components of the magnetic field measured by the

triaxial main sensor along its three axes;

remanent,> Bremanentys and Bremanentz represent reSpeCthe

components of a remanent magnetic field along the
three axes of the triaxial main sensor;

B

B



US 9,459,098 B2

O Bmeasured, O Bmeasuredy, @ Breasured, |
ar ’ D ’ ar ’

and
vectors V,, V, and V, have as components or the coefli-
cients representative of the magnetic sensitivity of said
carrier element, in which:

i i i
Ox ey Az
i i i
Ay Ay Ayz
i i i
Ay azy Ay
Vi = e v, = ; andV, = P

al, ay, Gz
f i S
yx Qyy Ay
S S
O aé, 5%

whose components or coefficients representative of the
magnetic sensitivity of said carrier element ajki represent
respectively a coeflicient of proportionality between a value
of a disturbance on an axis j due to an axis k and a value of
a field on the axis k, for an induced magnetic field, and the
components or coeflicients representative of a magnetic
sensitivity of said carrier element ajkf represent respectively
a coeflicient of proportionality between a value of a distur-
bance on the axis j due to the axis k and a value of a temporal
derivative of the field on the axis k, for a magnetic field due
to eddy currents.

4. The system as claimed in claim 1, wherein said means
for determining the reference magnetic field comprises a
removable additional sensor for magnetic field measure-
ments, and said removable additional sensor is a triaxial
additional sensor, whose axes are respectively parallel to the
axes of the main triaxial sensor.

5. The system as claimed in claim 1, wherein said means
for determining the reference magnetic field comprises a
removable additional sensor for magnetic field measure-
ments, and said removable additional sensor for magnetic
field measurements is a scalar sensor.

6. The system as claimed in claim 4, wherein said means
of adjustment of said triaxial main sensor comprises a
calculating circuit configured to calculate the respective
components of a remanent magnetic field by differences
between averages of measurements performed simultane-
ously by the two triaxial sensors.

7. The system as claimed in claim 6, wherein said
calculating circuit is further configured to calculate the
vectors of said coeflicients representative of the magnetic
sensitivity of said carrier element by least squares estimation
on the following system of equations:

AXVy = Bueasured, = Bremanens;)
AXVy = (Bueasuredy = Bremanent, )

AXV; = (Beasured, = Bremanent; )-

8. The system as claimed in claim 5, wherein said means
of adjustment of said triaxial main sensor comprises an
optimization device configured to optimize the following
equality for a series of measurements performed simultane-
ously with said triaxial main sensor and said scalar sensor:

[Mes_scalar|[=|B,, casurea=Baisaringls

25

30

35

40

45

50

55

60

65

10

in which ||Mes_|| scalar represents a norm of a measure-
ment of the scalar sensor, and B ,,,..,.... represents the
disturbing additional magnetic field or fields generated
by said carrier element.
9. The system as claimed in claim 1, further comprising
a processing circuit configured to correct the measurements
ot said triaxial main sensor which are adapted for delivering
the real magnetic field on the basis of the magnetic field
measured by said triaxial main sensor and data provided by
said means of adjustment of said triaxial main sensor by
using the following system of equations:

Breaty = Breasured, = Bremanens, +AX V)
Breat, = Breasuredy, = (Bremanent, + AXVy).

Breat, = Breasured, = (Bremaners, + AXV,)

10. The system as claimed in claim 1, further comprising
circuit configured to provide predictive correction by con-
sideration of disturbances of a predictive model, by gradient
descent of the additional magnetic field or fields, by using
the following relation:

Bueasurea = (I + [Vx(1 > 3)V,, (1 > 3)V,(1 - 3)]) =

9
Rotx By + [Va(1 > 3V, (1 > HV,(L = 3)]x = (Rotx By)

in which:
1 represents the identity matrix

[
(= =
_ O O

B, represents the reference magnetic field;

V,(1—3) represents a sub-vector of 'V, comprising the first

three components of V,, Ge{x;y;2}); and

Rot represents a carrier element rotation matrix.

11. A method of triaxial magnetic field measurement by a
triaxial main sensor for measuring a magnetic field, in which
the triaxial main sensor moves jointly with a carrier element
that generates at least one additional magnetic field disturb-
ing the measurements of said triaxial main sensor, said
triaxial main sensor configured to provide orthonormal
measurements for a reference magnetic field in the absence
of magnetic disturbances due to said carrier element, char-
acterized in that said triaxial main sensor is adjusted on a
basis of a determination of the reference magnetic field, said
determination of the reference magnetic field using a pre-
determined magnetic field generator or a removable addi-
tional sensor for magnetic field measurements, that can
move jointly with said carrier element, and that is disposed
outside said carrier element away from the additional mag-
netic field or fields.

12. The method as claimed in claim 11, wherein the
additional magnetic field or fields generated by said carrier
element is or are determined on a basis of parameters
comprising coeflicients representative of a magnetic sensi-
tivity of said carrier element, measurements performed by
said triaxial main sensor, and temporal variations of said
measurements.

13. The method as claimed in claim 12, wherein said
determination of the additional magnetic field or fields
generated by said carrier element uses the following system
of equations:
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Breaty = Bueasureds, = (Bremanenty + A X Vz)
Breat,, = Beasured, — (Bremanemy +AXV,).

Breat, = Breasured, = Bremaners, + AXV,) s

in which:
B,ears Brea i and B,,,; represent respective components of
a real magnetic field along the three axes of the triaxial 10
main sensor;

measured,> Bmeasureda and Bmeqsuredz represent reSpeCthe
components of the magnetic field measured by the
triaxial main sensor along its three axes;

B, , B, , and B, represent respective
X bl Z .
components of a remanent magnetic field along the
three axes of the triaxial main sensor;

B
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and
vectors V,, V, and V_ have as components or the coefli-
cients representative of the magnetic sensitivity of said
carrier element, in which:

i i
Ox Ay Az
i i i
Ayx Ay Ay
i i i
Az azy zz
Vi = e v, = ; andV, = P

al, Gy Gz
f i f
Ay Qyy Ay
S S
G ag; 5%

whose components or coefficients representative of the
magnetic sensitivity of said carrier element ajki represent
respectively a coeflicient of proportionality between a value
of a disturbance on an axis j due to an axis k and a value of
the field on the axis k, for an induced magnetic field, and the
components or coeflicients representative of the magnetic
sensitivity of said carrier element ajkf represent respectively
a coeflicient of proportionality between a value of a distur-
bance on the axis j due to the axis k and a value of a temporal
derivative of the field on the axis k, for a magnetic field due
to eddy currents.



